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INTRODUCTION 


The  purpose  of  this  report  is  to  present  specific  analog  computer  programs 
effective  in  the  solution  of  a  simplified  description  of  the  ray  paths  of  radio 
waves  propagating  through  the  earth's  ionosphere.  The  main  phenomenon 
of  interest  is  the  description  of  the  conditions  necessary  for  a  radio  wave 
of  a  given  frequency  to  penetrate  the  ionosphere  and  then  "follow"  the  earth's 
magnetic  field  lines  back  to  the  earth.  Such  propagation  in  the  "whistler" 
mode  may  be  described  by  the  Hamiltonian  ray  equations.  *  It  is  assumed 
that  these  ray  approximations  to  the  Maxwell  Wave  Equations  are  of  sufficient 
accuracy  in  describing  the  phenomena. 


A  simplified  set  of  ray  equations  may  be  written  if  it  is  assumed  that  the 
electron  density  about  the  earth  is  independent  of  longitude,  that  the  effect 
of  energy  loss  by  collision  is  negligible  and  that  the  anisotropic  effects  of  the 
earth's  magnetic  field  are  negligible  at  the  frequencies  of  interest. 

( — 14  me.  fjj/f  <  1»  fpj:=  gyro  frequency^  With  the  above  assumptions,  the 
Appleton-Hartree  equations  for  the  radio  wave  index  of  refraction  reduces  to: 
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=  1 


N(r,  0) 

f2(l.  24  x  10 4) 


where: 
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N(r,  9) 

r 

9 
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radio  wave  index  of  refraction 
electron  density 

radial  distance  from  the  earth's  center 
co -latitude 

radio  wave  frequency  in  megacycles 


At  frequencies  where 


N 

fZ(1.24  x  10 4) 


«  1  the  bionomial  expansion  gives: 
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For  the  purpose  of  this  study  the  following  form  for  N(r,  0)  is  assumed: 


N(r,  0) 


2.28  x  10 


s  E  F(r)  sin®  [l  +  m<r>  c(y>] 


where: 


E  F(r) 

m(r) 

c(y) 

y 

E  F(r) 
E  F(r) 
a 
a 


normal  dependence  of  electron  density 

radial  dependence  of  duct 

modulation  function  for  a  duct  of  enhanced 
electron  density 

2 

geomagnetic  latitude  parameter  -  r/sin  0 

an  empirical  function  r  s  6690  km 
-4  1ft 

e  — g —  (r-6690)  r  s  6690  km 
radius  of  earth  in  km 
6,  370  km  ' 


The  effect  of  a  single  duct  of  enhanced  electron  density  following  the  earth's 
magnetic  field  lines  is  determined  by  this  assumed  form  for  N(r,  0). 


N(r,  0) 

m(r)  | 


Mm 


rCl  rc2 
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The  Hamiltonian  ray  path  equations  in  polar  co-ordinates,  when  the  anisotropic 


effect  of  the  magnetic  field  and  the  longitudinal  electron  density  dependence  are 
neglected  become  the  following  (■|y1)  an  anisotropy  effeqt  and  is  not 
present  in  the  following  equations. 
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where: 


p  =  radio  wave  index  of  refraction 

r  =  radial  distance  of  point  on  ray  path  to  the  earth's  center 

0  =  co -latitude  of  point  on  ray  path 

s  =  arc  length  along  the  ray  path 

a  =  angle  between  the  wave  normal  and  the  radius  vector. 

(Since  the  anisotropy  of  the  earth's  magnetic  field  has 
been  neglected  the  wave  normal  direction  coincides  with 
the  direction  of  the  ray  path). 


GEOMETRY  OF  SITUATION 

Inserting  ~  in  terms  of  N(r,  9)  we  obtain  after  differentiation  the  following 
da 

detailed  form  for  . 
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where  the  first  three  terms  are  always  present,  but  the  last  five  terms  are 
only  present  when  the  ray  is  within  the  duct  of  enhanced  electron  density. 


It  is  useful  to  know  when  the  radio  wave  path  first  becomes  tangent  to  a  geo¬ 
magnetic  line.  Since  the  equation  of  a  geomagnetic  line  is 
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r  =  c  sin  © 
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dr 

but  —  on  the  ray  path  is  given  by 
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Thus  when  the  ray  path  is  parallel  to  a  geomagnetic  field  line: 


ctn  a  =  2  ctnO 

Whenever  this  equality  holds  we  know  that  the  ray  path  may  possibly  be  "trapped" 
on  a  magnetic  field  line. 

The  remainder  of  this  report  deals  with  the  various  programming  problems 
and  the  analog  circuits  required  to  successfully  and  accurately  model  the  system 
equations.  Specific  special  attention  is  given  to  implementing  the  five  terms 
related  to  the  duct  so  that  they  are  not  present  in  the  circuit  when  the  ray  path 
lies  outside  the  duct,  and  yet  are  accurately  represented  when  the  ray  path  is 
inside  of  the  duct.  Special  computer  control  circuits  are  discussed  to  accomplish 
this  task.  The  method  of  generating  F(r),  c(y),  is  also  discussed. 


COMPUTER  PROCEDURE 


An  electronic  analog  computer  is  an  assembly  of  components  whose  voltage 
outputs  can  simulate  the  behavior  of  a. physical  system.  The  numerical  values 
of  the  voltages  in  the  computer  are  scaled  to  represent  the  magnitudes  of 
quantities  in  a  physical  system.  The  computer  components  operate  on  their 
input  voltages  to  produce  functions  required  by  the  mathematical  description 
of  the  physical  system.  By  parallel  interconnection  of  the  components  it  is 
possible  to  perform  many  operations  simultaneously  and  thereby  construct  a 
computer  model  of  the  system.  In  a  general  purpose  computer  the  interconnec¬ 
tion  of  the  electronic  components  is  established  very  easily  by  programming 
a  patch  panel,  allowing  rapid  construction  and,  if  necessary,  changes  in  the 
computer  model.  The  computer  contains  a  complete  monitoring  capability  so 
that  all  voltages  can  be  measured  accurately  and  conveniently. 


SYMBOLS  FOR  PACE  GENERAL  PURPOSE  ANALOG  COMPUTER 


NAME 


DESCR1PTIO 


Operational 

Amplifier 


Amplifier 
Multiple  Input 


Amplifier 
Multiple  Input 


Manually  Set 
Potentiometer 


Servo  Driven 
Potentiometer 


High  Gain 
Amplifier 
and 

Servo  Driven 
Potentiometer 


The  basic  components  of  the  computer  perform  such  mathematical  operations 
as  addition,  subtraction,  multiplication,  division,  integration,  and  the 
computation  of  analytic  or  empirical  functions  (i.  e.  sines,  cosines,  etc. ). 

All  of  the  operations  required  to  establish  a  model  of  the  ray  tracing  system 
are  readily  available. 

The  basic  components,  their  electrical  form,  program  symbol,  and  mathematical 
function  are  shown  in  the  Table.  Assorted  view  of  the  PACE  General  Purpose 
Analog  Computer  used  in  the  study  are  given  in  the  photographs. 


EXAMPLE  OF  COMPUTER  RESULTS 

The  following  diagram  is  an  example  of  the  results  obtained  from  the  analog 
computation.  The  upper  figure  shows  how  a  set  of  rays  travel  at  14  meg.  and 
illustrates  the  restricted  initial  angle  required  to  obtain  trapping  in  a  plasma 
duct. 


INSTRUMENTATION  OF  THE  REQUIRED  EQUATIONS 

Page  1  of  the  analog  computer  program  that  was  developed  by  the  Research 
and  Computation  Division  of  Electronic  Associates,  Incorporated,  generates 
the  actual  integration  of  the  three  (3)  specified  differential  equations.  The 
upper  right  hand  side  of  this  page  has  the  integrator  that  generates  r.  Directly 
below  this  portion  of  the  computer  program  is  another  integrator  that  performs 
the  integration  that  produces  the  quantity  a.  The  top  left  center  portion  of 
this  page  has  the  integrator  that  generates  the  quantity  6.  Directly  after  the 
a  and  0  integrators,  one  will  notice  two  (2)  8.  054  devices.  These  devices  are 
solid  state  sinusoid  generators  that  produce  the  required  trigonometric  functions 
of  the  angles.  The  lower  right  hand  corner  of  Page  1  has  an  amplifier  that 
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ARC  LENGTH  ALONG  EARTH'S  SURFACE 


generates  the  quantity  40|cosa  -  2  cotQj  .  Directly  before  this  amplifier,  one 
will  notice  that  there  are  two  (2)  Diode  Function  Generators  (DFG)  that  produce 
40  cosa  and  80  cot9.  Associated  with  each  DFG  there  are  two  (2)  sets  of  relay 
contacts.  For  explanation  of  these  relays  see  section  entitled  NOTES  ON 
INSTRUMENTATION  OF  REQUIRED  SYSTEM. 

Page  2  of  the  computer  program  is  devoted  entirely  to  function  generation.  The 
functions  that  are  generated  on  this  page  are  m(r),  dF(r)/dr  and  F(r).  The 
m(r)  function  is  generated  in  the  left  section  of  the  page.  The  dF(r)/dr  function 
is  generated  in  the  center  portion  of  the  page,  and  the  F(r)  function  is  generated 
in  the  right  hand  portion  of  page  2.  The  m(r)  function  is  generated  by  an  amp¬ 
lifier  and  a  bridge  limiter.  The  function  generation  of  dF(r)/dr  and  F(r)  employs 
amplifiers,  bridge  limiters,  and  DFG1  s.  For  an  explanation  of  these  circuits 
see  NOTES  ON  INSTRUMENTATION  OF  REQUIRED  SYSTEM. 

Page  3  of  the  analog  computer  program  generates  the  remainder  of  the  terms 
and  functions  required  by  the  equations.  These  quantities  are  dc(y)/dy,  2|j/dr, 
d^/SQ,  and  c(y).  In  addition  to  these  terms,  this  page  contains  the  automatic 
cycling  circuit  that  places  the  computer  in  HOLD  at  various  points  in  the  solution. 
This  control  circuit  may  be  found  in  the  upper  right  hand  portion  of  the  page. 

For  an  explanation  of  this  circuit  see  section  entitled  AUTOMATIC  CYCLING 
CIRCUIT.  The  dc(y)/dy  function  is  generated  in  the  lower  left  hand  portion  of 
page  3.  For  an  explanation  of  its  operation  see  NOTES  ON  INSTRUMENTATION 
OF  REQUIRED  SYSTEM.  The  relays  that  are  shown  on  page  3  insure  that  when 
m{r)  or  dc(y)  are  zero,  then  any  multiplication  by  them  is  indeed  a  flat  zero. 


Notes  on  Instrumentation  of  Required  System 

1*  Relays  Shown  on  Page  1  of  Computer  Program.  These  relays  are 
used  to  reverse  the  drive  to  the  associated  DFG  and  to  invert  the  output  of  the 
same  DFG.  One  will  notice  that  the  function  programmed  on  the  DFG  is  the 


8- 


contangent  of  some  angle.  The  angles,  that  are  present  in  this  simulation 
have  their  ranges  well  defined  and  as  a  result  their  contangents  may  be 
calculated  and  placed  on  DFG's.  Because  the  range  of  the  angles  is  symmet¬ 
rical  about  90  degrees,  the  contangent  function  is  symmetrical  about  zero, 
and  all  that  is  required  is  to  program  half  the  function  and  attach  the  appro¬ 
priate  sign  to  the  output.  The  relays  associated  with  each  DFG  accomplish 
the  required  operations. 


2.  Function  Generation  Page  2  of  the  Computer  Program  - 

A.  m(r)  is  generated  by  means  of  an  amplifier  and  a  bridge 

limiter.  The  amplifier  has  an  output  of  zero  up  until  such  time  as  the  value 

of  r  becomes  equal  to  rc  .  When  r  is  greater  than  r  ,  the  amplifier  has 

1  C1 

some  output  that  is  equal  to  the  value  of  m(r)  at  that  point.  The  bridge  limiter 

is  used  to  hold  m(r)  at  its  maximum  value  beyond  the  point  r  .  The  potentiometer 

C2 

in  the  feedback  path  of  the  amplifier  allows  the  slope  of  the  function  to  be 
adjusted.  The  m(r)  function  is  as  follows: 


B.  The  dF{r)/dr  function  is  generated  as  follows: 


*Zill 

dr 


is  a  nonanalytic  function  and  with  rapidly  changing  slopes. 


1  ia  an  analytic  function  with  gradually  changing  slopes.  I 

2 

The  (dF(r)/dr)^  function  is  broken  up  into  two  sections.  One  section  is  simu¬ 
lated  using  amplifiers  and  bridge  limiters  while  the  other  section  is  tastru- 
mented  using  a  DFQ.  The  amplifiers  are  used  to  generate  straight  line  segments 
that  approximate  the  function  fairly  well.  The  DFG  contains  an  error  function 
that  is  added  to  the  straight  line  segments.  This  summation  of  the  two  sections 
produces  the  required  function. 

C.  The  F(r)  function  is  generated  in  the  same  maimer  as 
dF(r)/dr.  (see  above  for  details). 

3.  The  relays  that  are  shown  in  the  lower  right  hand  portion  of  page  2 
are  used  to  switch  between  the  first  and  second  portion  of  the  required  function. 

Tl^e  way  in  which  they  are  inserted  in  the  problem  prevents  any  discontinuity  j 

in  the  functions.  i 

4.  The  dc(y)/dy  function  is  generated  on  page  3  in  the  lower  left  hand 
portion  of  the  page.  The  function  is  generated  in  two  parts  such  that  when  they 
are  added  the  total  required  function  is  generated.  The  equipment  required  to 
generate  the  function  is  explained  in  detail  in  APPENDIX  1  of  this  Technical 
Report. 

5.  The  circuit  that  generates  dc(y)/dy  was  programmed  separate  from 
the  rest  of  the  computer  program  and  its  output  integrated  to  give  the  require^ 

C(y)  function.  The  output  of  the  integration  was  plotted  and  the  resultant 
function  was  then  set  up  on  a  DFG.  This  DFG  is  in  the  center  of  page  3  of  the 
computer  program. 

I 


-10- 


! 


Automatic  Cycling  Circuit 

Due  to  the  large  amount  of  switching  that  is  necessary  in  this  computer 
program,  it  was  necessary  to  have  the  computer  go  into  HOLD  at  certain 
particular  points  in  the  solution.  To  insure  that  the  machine  would  go  to  HOLD 
at  the  same  point  each  time,  it  was  necessary  to  develop  a  circuit  that  would 
accomplish  this  task.  The  circuit  that  was  developed  is  shown  in  full  detail 
in  APPENDIX  II  of  this  Technical  Report. 

Formation  of  Difference  of  Geomagnetic  Height  Within  Duct 

Since  the  formation  of  Ay  for  input  to  the  c(y)  circuit  requires  the  accurate 
subtraction  of  two  large  numbers  which  are  very  close  to  each  other,  a  tech¬ 
nique  is  required  to  overcome  this  great  error  potential.  The  method  adopted 
here  is  to  compute  an  integral. 


which  represents  the  difference,  instead  of  actually  performing  a  subtraction. 
Since  the  computer  independent  variable  is  s  we  must  form 

*7*  *•/£*•■/(££♦££)*• 

yi 

r 

since  y  =  ^ — 

sin  0 
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Discontinuity  at 
Switching  Time 

Potentiometer  Assignment  Sheets 

The  potentiometer  Assignment  Sheets  list  all  the  potentiometers  that 
are  used  in  the  computer  program,  together  with  their  settings  for  the  static 
check  conditions.  A  copy  of  these  sheets  may  be  found  in  APPENDIX  III. 

Amplifier  Assignment  Sheets 

The  Amplifier  Assignment  Sheets  list  all  of  the  amplifiers  that  are 
used  in  the  computer  program,  together  with  their  calculated  and  measured 
values  for  the  static  check  conditions.  A  copy  of  these  sheets  may  be  found 
in  APPENDIX  IV. 

Computer  Program  Static  Check  (Theoretical) 

The  Theoretical  Static  Check  is  a  mathematical  calculation  performed 
on  the  basic  equations  without  considering  any  scale  factors.  A  set  of  con¬ 
ditions  is  chosen  and  then  all  required  calculations  are  performed  until  every 
quantity  that  is  required  by  the  computer  program  has  been  calculated.  A 
copy  of  the  theoretical  static  check  is  provided  in  APPENDIX  V. 

Computer  Program  Static  Check  (Voltage) 

The  Voltage  Static  Check  of  the  computer  program  is  provided  to  enable 
the  computer  operator  to  verify  the  outputs  of  the  various  computation  elements 
against  the  Theoretical  Check  values.  The  voltage  static  check  is  the  same  as 
the  theoretical  one  except  that  all  scale  factors  must  be  considered.  A  copy  of 
the  voltage  static  check  may  be  found  in  APPENDIX  VI. 
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IS  THE  cotufcT  mtTHoo  ce  oer«(vih6  the  hput.  me  e  outline  >*i « 

Pi  To  THE  8054  SiHVitiO  Sf  *FfiOTeR  t v/*t  ~PRout  V  Piui\ail  • 


ULiH I ...  UtilMJL- 
O0.O6 
72. S  o 
•  45*oo 
Li. So 
fp.Po 


out  P01  Volt  HOE 


00,00 
rf  HO  •  70 
*■100.0  o 
f  70.  70 


(A IH  O') 

(5 !H  IS*) 

(SlH  1o') 

(S’*  ns‘) 

Ism  /to') 


00.00 


ELECTRONIC  ASSOCIATES.  INC. 
ptmeiroN  computation  enrnt 

■ox  ana.  prikckton.  n.  j. 


■v  TZa _  auwccT j&utxiih aszkjL EeASUeilitneH  shkkt  no — 2 _ or_jfei 

datk _ 8/go/i t _  ?r.  _ Fv»cr‘t«  sjueuaimL  proj.  no. _ ±2«° . . 

thk  petLew/Hc.  u/umt  w*s  osro  To  G,ene**r£  thk  7?F9»,i#tD  , 


3, 


j)  flMPnfifts  1+2  TfionOE  jut  cowecr  input  uiiAce  t3ot*  /nACh'rubi 

flWD  S/CW.  ' 


t) 

5) 

4) 

J) 

o 


The  Bk  lOCf  /  iMirfti  ~VROvH>H  The  C  OfiPFtT  curerr 


fiMPueeti  3+4 

i  sei  Are 

AhtpLIFietL  Sj  u, 

7  hht 

8 

ftMPiinrt.  ‘f  is 

Vitt> 

en 

ftmPtiFiFt  it  n 

use  t> 

The  nmt>(.F.  t  i  turret 
hpf  ReQi\tet>  By  The 

H n  iNiFti/Ht  fl.Mpufiee, 
Cfi.* 7/V^  eifMfhTi. 


'tCLjnce^. 

r-Rt*  7 he  8.a S  4  unit s. 

8.as4  UNITS 
THAT  rct/h  d  C  (<f) 

•  d<i 


T#£  fU/iCTItti  C(jj)  is  fiCH/e  vrb  JS1  ,  a/;/0  »7/a'<5  Jc 

C(y)  is  THEN  VlfiCFb  Oh  ft  piope  Rpnct/hJ  GEAfRATfR, 

— n - —  ^c,j) 

- /  V. -  c<^  1 


ELECTRONIC  ASSOCIATES.  INC. 
PtJNCITON  COMPUTATION  CiNTit 

■OX  HI.  PRINCETON.  N.  J. 


■Y  _  Ha,  .  _  SUBJECT  JJUOMZJLA. _ SlUUUL _ Ft*  U  SHEET  NO. _ £ _ OP  .1ft’ 

BATE  B/ao/Ai. _  ,QF„  h _ Ek£lli*£  ze»***n»*  piioj.  no._±2®2 _ 

tfs  F<M.t-p*/»J6  uHcjir  w*s  o&fD  To  GfNffifne  thb  7?f$ui*ed  c^c,'»Vei^  . 


S(A'jti) 

(v**i  rwt 
•»iv  ) 


l)  tiMPnfifti  1+2  Tfitvoe  THi  c ottteir  input  icnfice  /HAc»'Tut>r 

ftHD  SlC«,  * 

4)  rue  Bfi i&sf  l/Mirfti  -VRovioe  7 1-/ £  cofifiecT  ct-r»rr  \/cir/>ce<,. 

3)  ftMPUf.-eti  3H-4  i %oi»re  T»e  n/ntcn  iimitfus  r-fit*  TEE  8.ns4  un»t*. 

4)  fiMfiHFieti  S;  U,  1  f)*9  8  ftfie  7?F$U«EJ>  sy  7H£  a. as*  umrs. 

3)  fiMHinn  ?  /s  uitt>  Fi  i*nteeii*t  A.Mpiifiee. 

t)  f)H(tiF>ee  it  is  use 9  *5  cc*a/*F  7 he  that  fcfm  c)  c($) 

•  *S 

PMcritN  C(jj)  IS  ftCH/tvrh  13 i  ;*/>£C*mi£g.  o/c(jj)  /Jy  . 

C<y)  IS  7HEH  Fifteen  o*  fi  piopf  EvAcr/o-J  G  e»0* (n  *  E, 

— f! - —  c^cij) 

_J  \ -  C(^ 


ELECTRONIC  ASSOCIATES.  INC. 
HUMCrrOtt  COMPUTATION  CINTtR 

■ox  m>.  princkton.  n.  j. 


•  i  , 


■V  PA 

■uo.ikct  C0MPUT1R  Ctf  AMftf A 

(HUT  NO _ 

1 _ OP  i 

IL  9- 

f*0ft  VAR  IVt  CMHAWff  L  wibtHI 

PROJ.  NO _ 

.4700 

por  wo 

CHRNHil  WIDTH 

( 

op  4  Ct|>  ooive 

?40 

Q  40 

tO  Km 

5  (Ay  *  2^ 

.  3333 

.  1000 

2S  KM 

2  (Ay  +  s> 

,  1321. 

.  (000 

SO  KM 

(Ay  fio^ 

.  Oil,!. 

.  1 000 

is  km 

%  (  Ay  •*  is) 

.0044 

.1*00 

loo  Km 

StK>  (  Aj  -120) 

.0333 

.1000 

200  l<  M 

3.5*10  (  A3  Ho) 

.0167 

.1000 
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ELECTRONIC  ASSOCIATES,  INC. 

MUHeirON  COMPUTATION  UNTO 

•OX  MX.  P  KINGSTON.  N.  J. 

■Y - S3. -  IQIJICT  P»rjSfi - tjtliutr  (HUT  NO.  /  tor  3 

PATg  MpUAJk -  akJAMA m.  _ flf  SimatUK  pkoj.  HO.  .4100 

F.L.  *  FttOBfKK  llmiTfP 


cm furfu  move  cc  k  thol. 


qpsr  htisn  p  l  Notes 


j*  Mip  vo i*7  or  nshsueed 

men  (jj-jJ  =  O, 


=  <V!M* 


FltuPS  1 


IF  IT  IS  OSSIE fD  To  »*cf  r*c  Ouct/06.  CHANNEL  fir  A  VfUVE  oF  -«,00*W», 

Amo  tab  caanhsl  is  ro  Sf  2oo  km  vuh>e  then  rue  values  show*  in  fi evxe  i 
AM  "R&QDiFfb  Tm  AAvS  THE  MODE  control  OF  TVS  ComPuTEA  Function  ~PRo?E*Ly,  THE 
Most  control  c»«c*/rxy  show*  ABotc  /$  Narmtia  moos  than  two  <*)  absolute  uncus 
ciAemrt  in  case  hoe  /ehch  of  which  has  an  ftt>omo*Hk  input  FAop  f  tot. 

Tns  outputs  of  AmpiiFiess  1  fine  3  Ihhl  Of  negative  op  He  so.  tas  output- 

OF  ,AMPtlF/fA  Z  mil  T3S  t  /o  VCITS  PEPEnOmG  vEt*  THE  SUNPAntH  oF  /rs  /"Purs,  TAB 
outfit  of  Ampin  n  A  4  wpl  BP  i-ieo  volts  pepfpoihc  \iP*n  the  supmatitn  cf  its  inputs. 

/0*0jU/r(  CAPAC/T9S  A  fount!  AmPilfifA  4  IS  USED  To  SNAPS  TAP  "Pulse 
7#4T  Ofiwt  S>  TAB  AE6DE  CONTROL  WlAy,  ~PoT  *3  t s  «»  To  Bids  the  c mtAol 

Ti use. 


Fop.  TAB  CONOintNS  SFfClFiSP  IN  Fit V*S  JL  ToT  * i  HAS  A  SETTING  OF  0. Bios' 

fiND  ToT  *2  A  SSTT/NC  OF  0.0/CO. 

on 


ELECTRONIC  ASSOCIATES,  INC. 
HUNCiTON  COMPUTATION  dMTIR 

•OX  HI.  PIHNCrrON.  N.  J. 


•Htrr  no.  a  i 
ppoj.  m3  4906 


NC*t  THAT  rite.  VARIOUS  ELEMENTS  OF  7HS  CViLiNG  C  Ificu  |T  HAVE  73  EFH 
defihed  c dnsidbD  tam  ciscuit  opeeahoh . 

t)  AS  1.0116  OUTPUT  OF  TH£  Potted  AMPUFiEA  I S  LESS  THAH  the  output 

OF  7*0r  THE  OUTPUT  OF  AMPLIFIED  *  JL  15  NEGATIVE.. 


J>)  TA£  NEGATIVE  VOLTAGE  AT  THE  OUTPUT  OF  AMPLIFIED  * 1  IS  COMPAQ  E  D  \M!TH 

Tfvee  “Positive  outputs  of  Pots  *  I  AND  *1  Ar  the  ghid  of  amplified  *2 


3)  COWS  I  DC  I?  THE  CASE  WMEAE  ^-£.)  *  •  #*S«AlE  THAT  (y  -<j.)  = 

TAM  output  of  dotted  A/npurieO  is  -7o.oo  volts 
TAM  output  of  -por  *1  is  *  dl.oo  volts 

TAM.  output  oF  AMptiFIE  G  1  IS  -Hoo  VOLTS 

THE  output  oF  "Pot  *2  IS  FI.  oo  volts 


-loot  K* 


4)  mm  summation  op  inputs  Mr  TAB  GAid  of  Ampi  ifie  a  *2  is  -io.oovolts 

it  (  4  64.00  -ii  ooU*)  “(7 coo)  Li  oo)  *  -10.00  VOLTS 

5)  TAM  output  of  amplified  *2.  is  fio.oo  volts  ■  w hem  the  output  of 

fiMFliriC*  *2  IS  POSITIVE  THE  77f»y  BEING  TAAUD  is  OUTSIDE  the 

but  riuc  chanu  EL 

6)  tab  output  oF  AMPLmre  **  3  is  -lo.oo  Volts 

7)  TAM  OUTPUT  of  Amplified  IS  +ioo  volts  And  THE  ' oMpurrA  is  in  cPtAovt, 

It  ~(+i«oo  -(ifl.eoH*)  t B  oo )  *  +•  2.o«  volts 

Even  THOUGH  THE  Actual  summation  of  the  inputs  is  o N lV  -2 .oo  volts 
TMg  AtHPUFKA  has  okIV  A  dauttE  ft  A  FEEDBACK.  AND  TNFVPfFoPE  THE 
dvt Pur  g*es  into  the  copeect  limit. 

8)  AS  TAf  OvTPuT  OF  THE  DOTTED  AptPUP'FR  ’BELONGS  C LOSE ti  A*D  CHOSEN  To 
FAS  Vfiu>(  OF  POT  *1  THE  OUTPUT  of  Amplified  *1  BEcoMFs  ms  AND 
ins  negative.  Fob  THE  CASE  uuork  srvbV  WHEN  THE  ouTPut  of  the  DtTTED 
Ampuf  ck  Becomes  -io.«c  volts  r/ve  out  Put  of  amplified  *  £  is  ~i.oovm.ts, 

TAM  bur  Put  of  amplified  *2  Becomes  -  /t  oo  v*n *.  AmPufiee  os  BeteMus  vko . 
f/vjr  Q0fA>T  eP  AmPi >f/*A  #  4  Oeiomes  +  ioc.be  Volts. 

Acre:  As  Am  Pune  a  *2  went  fpcm  v/o.oo  volts  to  -/o.b«  von  a  taeEe 
was  A  PuLse  c Abated  our  of  Ampur/e*  *4  TAAT  ’piAtec  r*£ 


F  AM  PUT  Ft >  (V  u*>  A 
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0.  BUS 
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ELECTRONIC  ASSOCIATES  INC. 
EDUCATION  a  TRAINING  £ROUP 


PNOt  \ 
A  tour 


231  R  AMPLIFIER  ASSIGNMENT  SHEET 


PROBLEM 

DATE 


AMP  „  FUNCTION,  ANO/OR 

NO.  °  VARIABLE 


o°  x 


_ STATIC  CHECK _ 

CALCULATED  MEASURED 

CHECK  PT  OUTPUT  CHECK  PT  OUTPUT 

I-Z7  :■  I  ■/)  4r  j.  4-5" 


2 


‘2  u.  -•  A  t 


+■  2^.27 


CC  i  ■  <  ”  T'mJ  Ct . * 1 1  *  I  A, 

-\oo  c  s 


5  -  1C'  r 


-  B  ■  ic  r 


T37.?r 


-  l<v  sm  °i 


S  HO  [coT  <*  -  2  CcT  o] 


m 

s 

N<  t  t  f 

IB 

s 

-  1  o’  f  .  (l*  -  .•• ;  Cy .] • 

2 

K 

CC  *>  &  •"  t  f  *  *i  iV  rr  <  "  /  C 

Ifll 

-loo  cs.'.  © 

4 

s'e 

S’fO6 

-  S-/C 

V 

_ ■2’S _ 

NOTE  2 

S/»7  &  ~  t 

-/CO 

5/4/  0 

mre 

3 

•  4/4 


.  Z  i-h 


-  l""-  v  > 

-2C'»  c  4- 


+-  0 .3s 


1 4  c  1 


-37  t-o 


-6*63 


-4« 


-4v  -4 


4  6  4? 


"0.0*7 


PAC.E  % 

A  tamp 


ELECTRONIC  ASSOCIATES  INC. 
EDUCATION  ft  TRAINING  GROUP 


231  R  AMPLIFIER  ASSIGNMENT  SHEET 


PROBLEM 

DATE 


STATIC  CHECK 


CALCULATED  MEASURED 


CHECK  PT.  |  OUTPUT  | CHECK  PT  OUTPUT 


S  -toUTP/T  All] 


2  S*6  I  NOTE  (f 


l<f  c««S*[h  x{r)C.y)J 


N  OTls  7 


S  -[output  AZZ] 


\0  F(f  ^  5ina 


—  10^  ^  f-  (*') 


NOT  E  4 


S  ♦  io*  »]**-«* 


tio1"  V'M  C(y) 


“10*  r*\(0  C.(.y) 


5  £  I  -  fOx  F(|)  © 


-  icT  RA  Wi )  °n'-  ® 


-  CT*  #0 


PPcC  3 
ft  to mP 


ELECTRONIC  ASSOCIATES  INC. 
EDUCATION  ft  TRAINING  GROUP 


231  R  AMPLIFIER  ASSIGNMENT  SHEET 


PROBLEM 

DATE 


FUNCTION,  ANO  /OR 
VARIABLE 


STATIC  CHECK 


CALCULATED  MEASURED 


CHECK  PT.  OUTPUT  CHECK  PT  OUTPUT 


I  +5'(Ay4-2>) 


G  tFO  F(f)Cfy) 'I*  9 


t  b'A  iP  r  w, 


5  S  +  lt>3£,  . ‘I 


•  5  *> 


Note  f? 


-8c  CXJS0*-  ^te 


■  -  2  £®  -  ci(V  J 


2  S  2  [0  ’-  Oo"  ] 


f  £0 


S  I  -  40  c  ** 


$  US Efi  WITH  DKi  F„0 


5 1  -*■  /t.V  sin**. 
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fi  C«a*P 


231  R  AMPLIFIER  ASSIGNMENT  SHEET 


PROBLEM _ 

OATE _ dim 


FUNCTION,  AND  /  OR 
VARIABLE 


_ STATIC  CHECK _ 

CALCULATED  MEASURED 

CHECK  PT.  |  OUTPUT  CHECK  PT  I  OUTPUT 


P 

0 


*'«.  +  2<X)  W/*) 


k«izo6  (r-  6  ' 7+) 


z  Vs 


3  V<->  ®£SMt- NT  N  /  ?£££' 


S66MENT  #3 


5  S  -V  100  T>IN  0 


6  S  +  ICO 


S  l)*.eL  uhth  DFC*  F b(c 


Fu*'t+iovt  Gt^e^-i  'n 


D 

1 

D 

D 

D 

g 


S<3 


S  i  unih  DC*  i~,  , 


-i6aw(r)  C(y) 


$  ~5uo'  & 


Jy\  //to ! 


Tr>  httl  i  f 


In  fin-it 


+4<,4f  PL  °°) 


Jn  //..■  / 


+*(-.'> 'Tj> 


i^O.OO 


Jh  Iik  i  / 


i  ►  //»,^ 


r>>  /-/■  < 


9 

«» 

+  I0Z  F(0  f  os 

ID 

s 

+  io+  F(v')  sk  0 

M 

s'© 

e  +  ^  o  A  fo1 

S  tf  *\T  **  2 

T**e  r 
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231  R  AMPLIFIER  ASSIGNMENT 

SHEET 

PROBLEM  - 

j 0*7 

DATE  . 

G!  ioli'2- 

FUNCTION,  AMO  /  OR 
VARIABLE 


STATIC  CHECK 


CALCULATED 


CHECK  PT  |  OUTPUT  I  CHECK  PT  I  OUTPUT 


s  - 


-  i.\vTxh2(r- 


*  *  1  F (r) 


Zeq>-  '  *v/  M2-  F(f) 


<bG  \i  u  3  F( f) 


DfC-  P„3 


S  +/OO 

//  a 


S  y-  £/V) 


S  -  l  o*" 


S  Fllrtftl  :«  G«r<i^:i'n 


S  —2.0  O  r*\  G  ) 


5  I /o“ Vo  ©*V  i o'* 


2  sfe  Swjwf  'tf  *  A  p(i)\ 


s'fc  >©•*  F O') i 


*  ? 


w  W»-4wi^ 


fjn  r  4c 


Use4  wflK  DF<3 


^  -  I  o"(?t  [si*M  *  Zom-Kc*-^ 


S  -  fO*  Fir) 


<a> 

db 


top 

f^ur***  ("I  <  t 

c4*£bJ<  ’  ^  hi- 

£i,0 

30  ~<rt£> 

j  4  4b,  11 

4  40.  30 

* 

> 

V) 

o 

■* 

1 

+  4  (*■  <a 

4  4b,  *4 

•L*\t  a($~  ), 

0 , 00 

4  a.  i'o 

M 

iX'O*  MJr<&\ 

0,00 

4  a .  v  0 

rffak'*  A 

4 1  •r,  1 0 

4  7j r,  uo 

fjO 

0>  C(y) 

•f  100  ms»( 

+)0  , 0  a 

47V  W 

- 1 10,00  ' 
4  7  ^  t>"> 

~  0.3  if-  ^o) 

f*  - 

- - - 

... 

4-  7,00 

4  7.4  0'' 

fb  roi'it'f*  f 
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V 
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PROBLEM  4?0  °  rvncr 


231  R  AMPLIFIER  ASSIGNMENT  SHEET 


DATE  -iil Ihl 


me. 


-rive  s-M.'c  i<  -£»■  -f£e  SysJ-m  to  »*£*«*■ 

odlul  »-4i‘o*  ■f«t'*v*s. 


^ Ova.a-m4  J4  <  eS 

fiC)  &  » 


r 

i 
i 
L 
l 
I 
1 
1 
I 
I 
I 
I 
1 


MWCJHOW.  M.  J, 

S-W-Vlc  CSn*  cIC 


SMKST  NO.. 

not.  na.  *1700 


o 

Ct. o' 


6  Tn  &*  a-  06  ,  COS  &  ~  0.5000 

s/r>*  &  *  0,7500  t  £oT  &  •  0.57  7*1 


b) 

0 

°0 


40*57'  (  v°-  f")  .  0.  *  5^7*1 

q  os  •<  s  0 .75505  ,  co7~  °(  •  /^VVZ. 


r»  7U5.0 


u,U.*a,  e<^«  tj>  r/£.V*6>*  7n.5/.1?oo  *  qSOOHm. 

e,  «  o.  os4*  ,  «_  , 


0,  i  E^b.i^  »4  •  0  V' 

ctr*  c  as  °<  * 


o.  15&6 


C>  E^|w.*4'eK  2.  Ew*1'-* 


✓<?s 


j.  s/not  4 

t  i 


Q.tMI'j  *  *//fJ  */* 
7/2  5* 
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■V  "PmJ  t? 

SUBJECT  S-UWc  CWf<  SHEET  NO.  ‘2.  OE 

Biff  8 1 1 1 1 1 

raaj.  no. 

s.  fj„»r 

o»'  3  * 

0 

* 

■  i«i) 

•c. 

a.  r  &170  <M 

F<M  - 

„M.i&(tL3Lf  -  l.of')  -HA*  ( !■  IlgS  -  >■  »S) 

e  '  fcn-'o  '  =  e 

FM  - 

-HA9(  .i>£8f  )  ,  -  ,z«63* 

£  e 

FM  *. 

6.7?  10 

Z) 

Slfa 

o«r 

-  FO)  T  -(^,,g)(Q  iri9)  -  -  V. 

'■'  j  C>  *i~! 0 

3) 

A  * 

1  “  £(  5  in  0  FC f) 

/7 

-  1  -  (o.  03  H  X  ^  603^  (o  .7S"lo  ) 
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